The method involved mixing sample with internal standard. Serum samples were then deproteinised with perchloric acid followed by removal of excess perchloric acid. The sample was acidified before injection. Quantitation was by peak area integration.
proved by the substitution of bicarbonate for acetate in the dialysis fluid. A reduction in dialysisinduced morbidity by bicarbonate substitution for acetate was found by Graefe et al. (1977) . In only one of these studies has the plasma acetate been measured, the evidence for intolerance in the other two being indirect.
To investigate acetate metabolism in patients undergoing haemodialysis, a method is needed that is rapid, sensitive, linear at least up to 60 rnmol/l, and free of any major interference and can be used with aqueous and plasma samples. The present study reports such a method using gas phase chromatography with a porous polymer stationary phase (Chromosorb 101), which overcomes some problems frequently encountered in the gas chromatographic analysis of volatile free acids. Biochemistry, 1978, 15,228-232 Measurement of acetate in aqueous solutions and plasma by gas phase chromatography using a porous polymer stationary phase M. F. LAKER AND M. A. MANSELL From the Department of Chemical Pathology and Metabolic Disorders and the Renal Laboratory, St Thomas' Hospital and Medical School, Lambeth Palace Road, London SEI 7EH SUMMARY A method of acetate determination by gas phase chromatography using a porous polymer stationary phase is reported that is suitable for use with aqueous and plasma samples. It is linear up to 100 mmol/l and has a coefficient of variation of less than 4 %for acetate values of greater than 1 mmol/l. The recovery of acetate from plasma is 92 %and sample retention time is 3 minutes. The reference range of plasma acetate in a group of 4D apparently healthy subjects was from less than D·l to D· 35 mmol/l. The frequently encountered problem of adsorption and ghosting of volatile fatty acids is overcome without the addition of formic acid vapour to the carrier gas.
Annals of Clinical
Interest in free acetate levels in plasma has concentrated on two main areas. Lundquist (1962) and Lundquist et al. (1962) showed that acetate levels increase after ethanol ingestion, and produced an estimate of the maximum metabolic capacity for acetate. More recently, interest has grown in the fate of acetate entering patients during dialysis.
The anion complement of dialysis fluid should include base that is capable of correcting the metabolic acidosis of renal failure. Bicarbonate is theoretically desirable but forms insoluble carbonates with magnesium and calcium. The substitution of sodium acetate for sodium bicarbonate in haemodialysis fluid was suggested by Mion et al. (1964) , who had observed that acetate was mostly metabolised to carbon dioxide and water, accepting hydrogen ions in the process. The concentration of acetate in the dialysate was recommended to be 30-40 mmol/l to restore the plasma bicarbonate, a Material and methods value confirmed by Earnest et al. (1968) . Acetate is used almost universally as the source of base in haemodialysis although with new dialysis techniques, such as sorbent systems and shorter schedules, higher concentrations of acetate (60 mmol/l or more) have been suggested (Mansell and Wing, 1976) .
Recently, reports have appeared suggesting that intolerance to acetate may occur. Novello et al. (1976) reported hyperventilation, hypotension, and acute weight loss in patients on dialysis accompanied by marked increases in plasma acetate concentration. SAMPLE PREPARATION Scribner (1977) , in a single case report, described a Aqueous samples were prepared by rmxmg 1 ml patient whose cardiovascular instability was im-sample with 0·1 ml internal standard (proprionic 228 Figure 1 shows a typical chromatogram. Trace A was obtained using an 11·5 cm needle for injection. Trace B was obtained by using the same solution and injection volume, but using a 5 em needle for injection. Except for automatic sampling all quantitative work was performed using an 11·5 em needle attached to a standard SGE syringe.
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RESOLUTION
Good separation of acetic, propionic, lactic, and pyruvic acids was obtained (Table 2 ). There was incomplete separation of formic and acetic acids, which does not interfere in practice because of relative insensitivity of the flame ionisation detector to formic acid.
LINEARITY AND SENSITIVITY
A standard curve was constructed using variable concentrations of acetate (0·1-100 mmol/l) mixed with a constant amount of propionic acid. The acetate/propionate ratio plotted against the concentration of acetate is shown in Figure 2 . This demonstrates that the method is linear up to 100 mmol/l acetate. The limit ofdetection was 0·1 mmol/l. Gases acid, 2·12 mmol/l), One drop of 0'04% w/v thymol blue was added, followed by hydrochloric acid (6 molfl), until the solution was red (pH 1,2). Of this solution, 2 p.l was taken for chromatography. Plasma samples were treated by mixing 1 ml plasma with 0·1 ml internal standard; 0·1 ml 20 % perchloric acid was added, and the sample was mixed and centrifuged. One drop of thymol blue was added to the supernatant followed by 10 M potassium hydroxide solution dropwise until the solution turned blue (pH greater than 8'0). Potassium perchlorate was precipitated and the sample was centrifuged. The supernatant was acidified with 6 M hydrochloric acid; 2 p.l acidified supernatant was taken for chromatography.
Results
Fig
REfERENCE RANGE POPULATION
Twenty male and 20 female, apparently healthy, volunteers were bled to determine the reference range. The subjects were students and hospital staff aged from 18 to 65. Plasma and serum samples were originally obtained, but, after having established no difference between the samples, plasma only was collected. Table 3 . Plasma acetate levels in 40 apparently healthy volunteers were less than 0·1 mrnol/l to 0·35 mrnol/l. Because the lower limit of normal was below the limit of detection of the method it was not possible to perform a statistical analysis of the results. There was no apparent difference between values for male and female subjects, and no apparent difference in subjects who fasted for 14 hours before venepuncture.
Column
AUTOMATION
It was possible to automate the technique provided the column was filled well above the point on the column at which the sample was injected by the 7 ern needle used on the autoinjector syringe. Carryover between injections was 1% if no water wash was used, and was undetectable if a water wash vial was placed between acetate-containing vials.
Discussion
Methods described for the measurement of acetate are of two main types, enzymatic and gas chromatographic. Enzymatic methods are described by Bergmeyer and Mollering (1974) , and are either complex or insensitive or require preliminary separation of acetate by microdiffusion. In an attempt to increase the sensitivity of the present technique a microdiffusion stage at raised temperatures was used but it was found that free acetate was liberated from protein and glucose solutions. Kveim and Nesbakken (1975) used steam distillation to separate acetate from plasma before gas chromatography. Further studies showed that the acetate values obtained were too high because of generation of acetate from glucose (Kveim and Brederson, 1977) . Separation of Ca-Cs acids in dilute aqueous solutions has been investigated by Ottenstein and Bartley (1971) , who studied various liquid phases and porous polymers. They found tailing of acids to be a major problem with diatomaceous supports, although this could be suppressed by the addition of acid (eg, 1·7 % phosphoric acid) to the stationary phase. Chromosorb 101 was found to be the most satisfactory porous polymer investigated. Adsorption of sample onto sialinised glass wool inlet plugs occurred, and metal columns were generally unsatisfactory.
Using a liquid stationary phase (Tween 80), Geddes and Gilmour (1970) found ghost peaks interfering with quantitative analysis. These had the same retention time as authentic acetic acid although they appeared with the injection of solvent after a biological sample had been injected and decreased in area with each succeeding injection of solvent. These peaks were thought to occur by elution of sample that had been reversibly adsorbed either by sites in the stationary phase or on the column close to the injection site, and were eliminated by the addition of formic acid vapour to the carrier gas. Ghosting was also found to occur with porous polymers by Ackman (1972) , who used stainless steel columns. The addition of formic acid vapour to the carrier gas again reduced adsorption effects which interfered with quantitation. Two recent methods (Desch and Descomps, 1977; Kveim and Brederson, 1977) , using liquid stationary phases, also used this approach although the addition of formic acid vapour is inconvenient if the apparatus is to be used for alternative analyses. A preliminary study by us suggested that ghost peaks were less of a problem with Chromosorb 101 than with the liquid phases Carbowax 20M-TPA and FFAP.
In the present study adsorption of sample occurred with injections above the stationary phase (trace B, Fig. 1 ) but did not apparently occur with deep injection of the sample (trace A, Fig. 1 ). As charring of the stationary phase was present at both areas and glass wool plugs were not used, the most likely site of adsorption seems to be on the glass wall of the column. With deep injection of sample the method was linear up to 100 mrnol/l in aqueous solutions with adequate recovery from protein-eontaining solutions. The overall coefficient of variation was 4 %.
These results suggest that adsorption effects interfering with quantitation did not occur. If adsorption of sample did occur it must have been proportional to the amount of injected acetate and without significant elution of adsorbed acetate as ghost peaks. Tailing of acetate and propionate did occur if the pH of the solution for injection was greater than 2·8.
Although ghost peaks were not seen, an interfering peak was noted with the addition of excess acid to the sample before injection, which had the same retention time as acetate. This was not a true ghost peak as it did not decrease in intensity with successive solvent injections. The peak was of relatively constant area, being equivalent to 0,2-0,3 mrnol/l acetate. It could be eliminated if the pH of the final solution was adjusted to 1,2-2,8. Similar findings were reported by Wadke and Lowenstein (1975) using trichloracetic acid to deproteinise and acidify the sample. They attributed this peak to an impurity in the trichloracetic acid, although it was still present after double recrystallisation of the acid. The peak found in the present study occurred after injection of water acidified with five different strong acids to pH less than 1'2. A possible explanation of these findings is that an ionic form of acidified water is being separated from the bulk of solvent on the stationary phase used. Excess perchloric acid used for protein precipitation was removed, and hydrochloric acid was used for the final acidification because more satisfactory peaks were obtained.
Determination of acetate levels in the plasma of apparently healthy subjects has previously been reported in only relatively small series (Table 4 ). In the present study the reference range of from less than 0'1 to 0'35 mmol/l agrees reasonably well with the findings of Desch and Descornps (1977) . There does not appear to be any systematic difference between the findings by gas chromatography and enzymatic techniques. Discrepancies between chromatographic series may occur because of a failure to control adsorption, which will reduce values, and ghosting and false peaks, which will increase them, or because of differences in the population studied. Serum samples run without the addition of internal standard confirm the findings of Kveim and Brederson (1977) that propionic acid does not occur in the plasma of healthy subjects and is suitable for use as an internal standard, although levels greater than 1 mmol/I of propionic acid may occur in patients with propionyl CoA carboxylase deficiency and with methyl malonyl CoA reductase deficiency (Rosenberg, 1972; Stokke et al., 1973) . These disorders are extremely rare and represent an unlikely source of possible inaccuracy.
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